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(71) We, HUSQVARNA VAPEN- 
FABRIKS AKTIEBOLAG, 561 01 Hu^- 
vama, Sweden, a Swedish Company, do here- 
by dedare ^e invention for \diidi we pisy 
that a Patent may be granted to us and die 
method by vMdk it is to be performed to be 
particularly described in and by die follow- 
ingstatemeixt: — 

The present invention rdates to nucro- 
wave ovens« 

Microwave ovens of loiown types are pro- 
vided with an oven chamber which, when 
microwave energy is fed into it^ gives rise to 
a number of resonances^ as a result of whidi 
the inapedancc constituted by the chainber 
in reject of the waveguide and the micro- 
wave generator becomes relatively insensitive 
to the shape and dimensions (rf the object to 



be treated. Ordinarily this means that energy 
t nmsmi s sio n-'from the generator to the objects 
takes pla^ in accordaiice with the JSOK:aIled 
cavity resonance princqilci i«e; a pattern of 
standing waves is formed in the cavity. How- 
ever, whatever the condition, diere is a cer- 
tain lack of adaption between the cavity and 
the wav^pide/gencrator so that energy is 
returned which must be dischai^^ into the 
environment as lost heat for example by 
means of a cooling arrangement 

It is an ot^ect of the present invention 
to provide an improved microwave oven. 

For the purpc^ of diis Spedficadoo the 
tenn *iiear Md* is e^ilained bdow. 

Starting with Maxwell's «quatioi^ die elec- 
trical field intEiiisity erf a dipole may be re- 
duced to the following expressions: 



«['(-fH(-f)"~HTn 

A—wavelength of the microvpave radiation in free space 
r— distance fcom source of radiation 
A, Z;,=constants 



This indicates that the electrical field inten- 
sities E^ and E^ (see Figure 1) dhninish 
in diree different ways, le. by the sectors 
A/r and (A/r)« as vyea as (A/r)*. In dns 
connecdon, r is die distance hoax the dipole^ 
whidi may be assumed to be a short dipole^ 
and A is . the waydengtfa. For small values 
of r terms of higher onier natura% pre- 
dominate, "but in the case of h^ value of 
r, we need only consider the A/r term. A 
near fidd, ihe pomt of origin of which is 
the radiating di^e, is defined at that range 
<jf the electromagnetic -field which is situated 
withm a distance of r=A from a radiating 
ekmexit It is therefore a premise for die 

[Trice 3Sp} 



existence of a near fidd that the distance 
from die radiating dement is at ^ most 
of die order of mapitude of a wavdengdi. 

In the near fidd* 'enet^ is transmitted by 
a "transformer action", Le, the fidd it- 
duces displacement currents in die load and 
diese di^lacement currents produce, in die 
usud manner^ heat owiqg to dipole resonance 
or conductivi^ pheocHnena in the load. In the 
far fidd and in microwave ovens vdiich coir- 
stitute resonators, en^gy coiq>Hng occurs, 
oipadtively, whereas in the itear-fiehl induc- 
tive energy overcoupling is also btoug|[t 
about Another important point in this con- 
nection consists in the fact that the ciiarac- 
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tmsdc wave impedance which in the case 
of a plane wave amounts to 377 ohms in a 
vacumn» vanes in the near field within wide 
limits. Hence, coupling which varies rapidly 

5 in xelatLon to the wavelength is brought about 
in the near fidd and consequently transmis- 
sion of power even to those parts of die load 
vdiich differ widely as regards their dielectric 
pioperdes. Liasmudi as the transmission of 

10 power varies in intenaty belroen very dosdy 
adjacent points^ we obtain, on the one hand^ 
TOy good adaptation between the generator 
and die ioad, and on the other ban^ very 
rapid temperatnre equalisation , throug|i the 

15 heat line, which is only required over a very 
short distance. 

In the case of heating food-products which 
have greatly differing dielecoic properties, 
and hence normalfy differing adaption charac- 

20 teristics in respect of the niicrowave$ (ex- 
ample: food during defrosting), heating by 
means of near fidd applicators pves con- 
sider abfy better results than can be adiieved 
with conventional cavity resonance ovens. 

25 The tendencies to lesonance formation (Le. 
standing waves) in the food-product are re- 
duced considerably, by the finn coupling be- 
tween the radiating dement and the load. 
Burning of edges^ a phenomenon dosdy aldn 

30 to resonance formation, is not neariy so pro- 
nounced if 3 near fidd applicator is used. 

In order to achieve the aibove motioned 
targets asLxegarda-thcheating result, at least 
two conditions must ^iccoidingly be satisfied. 

35 The first one conasts in that the load shall 
be located widiin the near fidd, i.e;. substan- 
tially widiin the distance of one wavdei^gdi 
&om a radiating el^^/Mii- Iq the second place, 
tiie energy ttansmissioa between generator 

40 and load shall talce place to the least possible 
extent m accordance with the cavi^ reson- 
ance principle. This does not mean -that re- 
flections are to be eliminated entirely. If 
an endosed oven chamber is .required, in 

45 order to achieve a. high degree* of efSdency 
and for reasons of safety^ it is advisable to 
provide at least one **top*' in the oven cham- 
ber. If die heigfit of the "top" is optimally 
sdected we can achieve a certain co-opera- 

50 tion between the direct and die reflected fields. 
This will <mly be succe^sfiilly achieved if 
there is no resonant space. The hci^t of the 
top shall dieiefore amount to less than one 
-vravdengih." ., . 

55 According to Babinei;*s principle it is poss- 
ible, ftom the point of view of fidd fonna- 
tion, to use instead^ of a dipole a guide in 
the ch^ber with a corresponding slot in a 
conducting plane. Hence^ .one makes use, 

60 in practice^ of slots in the broad sides of the 
waveguides, the dimensicms of the slots being 
so chosen diat they, are substantially in reson- 
ance* 

According to die present invention there is 
65 provided a microwave^ a microwave oven 



coniprising an oven diamber, a carrier for 
an object to be heated, a diamber boundary 
surface located above the carrier by a distance 
not more dian the wavdengdi of the applied 
microwave radiation, the boundary surface 70 
being defined by a removable reflector slid- 
ably recdved in the oven chamber, and which 
is capable of reflecting the applied micro- 
wave radiation, and at least one wave guide 
located bdow die carrier for supplying nucro- 75 
wave radiation to the oven diandier. 

Embodiments oi a microwave oven accord- 
ing to the present invention are particulaity 
described bdow by w^ of example onfy, 
widi reference to the attadied drawing in 80 
^di: 

Figure I shows a dipde aerial with sur- 
rounding fidds Er and E^; 

Figure 2 shows a microwave ovei^ the base 
af 5rfiidi is formed by the flat sLie of a wave- 85 
guide fed with microwave power, and 
- Figure 3 shows a microwave oven in which 
two waveguides arranged at rigjit an|Jes to 
one anodier lead into the base of the oven. 
-Referring to the drawings the hdght of 90 
die top 8 from the oven bottom 2 is about 
one wavdengdi of the applied radiation ia 
at die frequency of ^400 MHz it is about 
12cm The sides 1, 3, bottom 2 and the cover 
4 of the oven chamber are mainly intended to 95 
rptmn the microwave radiation within a 
limited space. The radiation enters tiie oven 
diamber in accordance with Figure 2 through 
dots '5 in one dde wall of a wavdength 
6 with mode transformation. Such a wave- 100 
guide is described in greater detail m our 
copending Patent Application No. 48481/71, 
Publication No. 1364734 and is provided in 
this case with a power outlet in one broad 
side of the waveguide^ vrfiich is thus dosed 105 
at. its outer end. The wav^uide projects 
on one side b^ond the oven chamber and 
is there provided with a connection for a 
magnetron. 

Eadi slot of the waveguide serves as a 110 
radiating dement and is surrounded by a 
fidd pattern similar to the one shown around 
die dipde in Figure 1. An object to be 
heated, is placed on the oven bottom vdiich 
serves, as a carrier for die object and, is 115 
subjected to die near £eld by the radiating 
dots of the oven, whidi are distributed 
in a pattern over the entire base area of 
the oven. In order to achieve optimal effi- 
dericy, the object should be sh^ed in sudi 120 
a w^ as to cover the entire pattern of dots. 
The effidency also depends on the energy 
absorption .characteristics of the object, there 
bdi^ hi^ity absorbent objects such/ as cod 
and ferrite alloys^ whereas o&er matgrialg 125 
^countered e.g. in foodstuffs have absorp- 
tion characteristics whidi are poorer. That 
pat of the microwave power, whidi pene- 
trates diroug^L the object is reflected ficom 
the top 8 d the oven and enter the object 130 
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again. The total eflficiency with ^diich 
energy is transmitted to object isj as a 
result, particularly higju 
In order to vary die height of the oven 

5 a r^ector in the form of a metal plate 
9 is provided v^ch can be slidably intro- 
duced into grooves (not shown) in the oppo- 
site sidewalls 1, 2 of the oven chamber, 
the plate 9 bdng capable of reflecting the 

10 applied radiation. The plate is pushed in 
parallel with the oven bottom and forms a 
"top" replacing the one formed by die original 
cavity, fit this way the resonances are elimin- 
ated since the new oven chandler is much 

15 lower dian the pievious one. The new cham- 
ber has a heigjit which is suitable e.g. for 
heating deep-frozen foodstuflEs. 

Another embodiment of the invention is 
shown in Figure 3. This oven is provided 

20 widi tvro vertical waveguides 10, 11 at ri^t 
angjes in respea of jwie anodier and with 
mode transformation. They lead direct into 
the oven chamber (diere are no direct slots 
but the field pattern achieved is substantially 

25 die same as tiiat brought about by a full 
wave dipole). The oven is parallekpiped in 
shape and can be regard^ as constitutmg a 
section of a panel oven, if the cover is re- 
moved and tbe rear of the oven is kept open. 

30 In the given deagn a rotatable disc 12 is 
provided at the base level as a carrier for die 
object to be heated. The disc is located by 
nteans of a spindle 13 and kept in rotation 
widi the aid of a motor 14. ifcnce, some part 

35 of the object is always within a heating zone 
near a waveguide openmg so that the radia^ 
tion "sweeps" over die entire object \rfiile 
it is being rotated. The oven ouq)nt can be 
further increased by introducing a greater 

40 number of waveguides dian die two shown. 
The two embodiments of a near field oven 
in accordance widi the invention as illus- 
trated and herein described shall be regarded 
as exanmle of how the near field from a 

45 source or radiation can be practically utilised 
within an area in whidi f ormeriy a different 
principle of transnutting microwave power to 
an object has been entirely predommant 
Only two different ^rpes of radiation openings 

50 have been described above but there are of 
course odier types of radiating dements 
equivalent to diose described. Hence^ what 
spedalfy characterises the invention is not the 
design of the radiating dement but die 

55 arrangement of an oven chamber the dimenr 
sions of which are so chosen that no standing 



waves occur, waves pniqnat»ng from die radia- 
tion dement bdi^ however, reflected from 
one of the boundary surfaces of the oven 
diamber. 

WHAT WE CLAIM IS:— 

1. A microwave oven comprising an oven 
chamber, a carrier for an d>ject to be heated, 
a diamber boundary sur&ce located above 
the carrier by a distance not more than the 65 
wavdei^ (i die applied microwave radia- 
tion, the boundary soaace bemg defined by a 
removable reflector slidably recdved m the 
oven chamber and whidi is capable of refiea- 
ing the applied miaowave radiation, and at 70 
least one wave guide located bdow the car- 
rier for scroplying microwave radiation to 
the oven chamber. 

Z A niicrowave oven accordmg to daim 
1 vdierdn die oven diamber constitutes a 75 
caviqr resonance applicator if the reflector 
is removed, 

3. A microwive oven accordiiig to rJaitn 1 
or 2 wdierdn the oven chamber constitutes 

a near-fidd applicator if ibe reflector is 80 
mounted. 

4. A microwave oven according to any pre- 
ceding daim wherein one waveguide is pro- 
vided whidi is of substantialfy rectangular 
crossjsection, a broad side of the wave guide 85 
forming die bottom of the oven and having 
radiation openings formed therem, 

5. A microwave oven according to daim 
4 wherein the radiation openings are slots 
eadi having a length corresponding to 90 
approximatdy half of wave4eiigdi of the 
applied radiatioiL 

6. A microwave oven according to any of 
daims 1 to 3 wherein two vyaveggides are 
provided, eadi bemg arranged so that dieir 95 
end opening opens out into the oven cham- 
ber, and tibe carrier is formed by a disc 
rotatably bcatsed above the openings. 

7. A microwave oven according to any pie- 
ceding dahn wherein the oven is parallels- lOO 
piped in shape and two mutualfy oppoate 
sid^ of the oven are open for connection to 
sections of a pand overt 

8. A microwave oven substantially as des- 
cribed widi reference to and as iflusttated in 105 
Rgute 1 or in Figure 2 of the accompany- 
ing drawings. 

ERIC POnSt & CLARKSON, 
Chartered Patent Agents, 
Nottingham and London. 
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